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The aim of this work is to explore the possibility to discover a fermionic field with mass
dimension one, the Elko field, in the 14 TeV Large Hadron Collider (LHC), in processes
with missing energy and one jet. We explore the possibility of a triple coupling with
the Higgs field, generating also a contribution to the Elko mass term, and suggest some
possibilities for future studies in this field.
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1. Introduction
Experimental results from colliders have been used for studying unsolved problems
in astrophysics, especially those which are related to dark matter (DM). The de-
tection of the Higgs boson and the study of its decay modes can help to find the
answer to this question when we consider the Higgs boson couplings in theories
beyond the Standard Model (SM). These new theories might rely on enlarged sym-
metry groups or additional matter content, for example, suggesting new signals in
colliders. A possible new signal is the dark matter production through couplings to
the SM Higgs boson. Actually, this is a type of process widely studied in the called
Higgs portal scenarios.1 Amongst the candidates for dark matter, we consider in this
work the Elko spinor field,2,3 an SM singlet that couples only to the Higgs boson in
the framework of a Higgs portal. The Elko spinor field is a set of four eigenspinors
of the charge conjugation operator. Another interesting feature is that Elko spinor
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fields do not belong to a standard Wigner class,4 breaking Lorentz symmetry (in a
subtle way) by choosing a preferred direction of propagation.5
Elko dark matter can be searched for at colliders in processes with large missing
energy accompanied by jets, photons, and charged leptons. In,6 a search strategy
for Elkos at the 14 TeV LHC was performed in the mono-Z channel, with promis-
ing results. In this work we have investigated the prospects for Elko dark matter
production in the monojet channel at the 14 TeV LHC in a high luminosity regime
and taking into account the most relevant backgrounds.
This paper is organized as follows: in the next Section we calculate the cross-
section for Elko production at the LHC, analyzing the case of two Elkos and one
jet. Unlike the case studied in,6 we have considered a mass term for the Elko also
shifted by a non-zero vacuum expected value (vev) for the Higgs scalar. In Section
III we present our conclusions.
2. Elko Signal and Phenomenological Analysis
In this study we have considered the signal processes of an Elko pair
¬
λ
S
λS plus
one jet. The Elko mass is mε before the Higgs acquires a vev. In order to obtain the
coupling of an Elko field with the Higgs boson, we look for the Lagrangian density
given by2
L = ∂µ¬λ(x) ∂µλ(x)−m2ε
¬
λ (x)λ(x) + λEλ(x)
¬
λ (x)φ(x)
2, (1)
identifying φ as a scalar field that can be shifted by a vev, 〈φ〉 as
φ =
1√
2
(H + 〈φ〉) , (2)
and we obtain
L = ∂µ¬λ(x) ∂µλ(x)−
(
m2ε − λE
〈φ〉2
2
)
¬
λ (x)λ(x) +
λE
2
λ(x)
¬
λ (x)H(x)
2
+ λE〈φ〉λ(x)
¬
λ (x)H(x), (3)
so we identify a triple coupling between the Elko and the Higgs field, αE = λE〈φ〉,
where 〈φ〉 = 246 GeV. The Elko mass term is modified as follows
m2 = m2ε − λE
〈φ〉2
2
. (4)
Many possibilities are opened by this modification in the Elko mass term, e.g., a
heavy Elko can lead to more missing energy in the detector, making its identification
from background events easier. On the other hand, there is a trade-off with the λE
and mε parameters, which can turn the production cross-section very small.
To obtain the cross-section we start calculating the Elko spin sum of the H
¬
λ
X
λX (two Elkos generating a Higgs particle) squared, X = {A,S}. The spinor indices
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will be labeled as a, b = 1, 2, 3, 4, so we can write the amplitude below
M = αE
m
λI,aα (~p)
¬
λ
J,b
α′ ( ~−p)δab , (5)
where α = {±,∓}. We stress the fact that, using this definition for the triple
coupling vertex, we have a renormalizable expression for this process in the end.
We proceed squaring the amplitudeM
|M|2 = α
2
E
m2
λI,aα (~p)λ
I,c
α
†
(~p)
¬
λ
J,b
α′ (−~p)
¬
λ
J,d
α′
†
(−~p)δabδcd. (6)
The unpolarized Elko spin sum can be written using the relation given in the
appendix, as
1
16
∑
α,α′
∑
I,J
|M|2 = αE
16m2
∑
α,α′
(λAαλ
A
α
†
+ λSαλ
S
α
†
)ac (7)
×
∑
I
(
¬
λ
I
α′
¬
λ
I
α′
†
)bdδ
abδcd .
Using 2(EI− |~p|G)ac in the first sum of the product above:2∑
α={−,+},{+,−}
λSα(~p)
(
λSα(~p)
)†
= (E − |~p|)(I + G) (8)
∑
α={−,+},{+,−}
λAα (~p)
(
λAα (~p)
)†
= (E + |~p|)(I− G), (9)
while for the second sum we can use∑
α′
¬
λ
I
α′
¬
λ
I
α′
†
=
∑
α
λIα′
†
λIα′ , (10)
thus
1
16
∑
α,α′
∑
I,J
|M|2 = α
2
E
8m2
(Eδbd − |~p|Gbd)
∑
I
∑
α
λI,bα
†
λI,dα . (11)
Now making use of Equations (B.24) and (B.25) of reference2 again, we can
write the sum in Equation (11) explicitly∑
α
λIα
†
λIα = 2(E − |~p|) + 2(E + |~p|) = 4E (12)
so one can write the unpolarized squared amplitude of the annihilation process as
1
16
∑
α,α′
∑
I,J
|M|2 = α
2
E
16m2
[
16E2 − 2p
∑
I
∑
α
(
λI,bα
†GbdλI,dα
)]
=
α2E
16m2
[
16E2 − 2|~p| tr (2EG + 2|~p|I)] = α2E
m2
(E2 − p2)
= α2E , (13)
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in the C.o.M. frame. Since it is energy independent, we are sure that it is renormal-
izable, maintaining αE < 1 for the convergence of the perturbative series.
The production of dark matter at the LHC is often searched for in conjunction
with an accompanying particle that serves as a tagging signature. Processes like
pp→ χ+X, where χ is a DM candidate and X can be a QCD jet, a photon, or a
massive weak boson W/Z, have been extensively studied at the LHC. The mono-
Z/W has been proven to be the best channel for the DM search and we explored
this process in the case of a light Elko in,6 where we showed that an αE = 0.5 can
be probed for an integrated luminosity of ∼ 1 ab−1.
Monojet signatures can also be used in the search for DM. To that end, we
simulate the process pp→ j+ 6ET where the missing transverse energy is due to aa
escaping pair of Elkos from the decay of a Higgs boson at the LHC
√
s = 14 TeV .
A representative Feynman graph is shown in Fig. (1).
The signal events were generated by modifying the Heft model present in
MadGraph57 including hadronization with Pythia8 and detector simulation with
PGS.9 A mass of mH = 125.5 GeV for the Higgs particle was used in the simula-
tion. The Higgs decay width receives an extra contribution from the partial decay
width of the decay into two Elkos when compared to the usual parameter included
in the program, but this effect is very small and can be safely neglected.
Figure 1. A subprocess with a Higgs decay in two Elkos into the monojet production.
A light Elko, as it seems to be preferred by relic abundance measurements,
leads to little missing energy signatures at the LHC. This makes its separation from
background processes much more difficult. For this reason we tried a heavier Elko
in order to determine whether we can achieve a bigger signal cut efficiency. The
m parameter was adjusted to 50 GeV, considering the mε value which fixes α2E
to 0.17 GeV2 using its definition from Equation (4). It is not possible to get much
stronger perturbative couplings, but it is possible to have heavier Elkos by adjusting
the mε parameter. However, heavier Elkos are produced at lower rates, making its
detection harder again. The impact of a heavy Elko on the relics abundance should
be investigated further in order to confirm the viability of this scenario. We obtained
a cross-section of 27.1 fb for the signal before cuts.
Concerning the backgrounds, the dominant irreducible one to j+ 6ET is the
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process Z + j → j + νν¯. We also simulated the two main reducible background
processes: W± + j → j + `± + ν, where the charged lepton is too soft or escapes
the fiducial volume of the detector, and QCD pp→ jj, where the missing energy is
due to low efficiency in the reconstruction of the jets.
We used MadGraph5 again, as in the signal case, to simulate the backgrounds
including hadronization and detector effects. The following cuts were required both
on the signal and on the backgrounds
pT (j1) > 150GeV, pT (j2) > 50GeV, |ηj | < 5, ∆R(j1, j2) > 0.4,
6ET > 350GeV, |∆φ(j1, j2)−MZ | < 1.2 (14)
These cuts eliminate all QCD jj events and Wj events as well. On the other
hand, the differential distributions of Zj backgrounds and our signal events are too
similar even for a heavy Elko. For the cuts displayed above, about 900 fb cross
section for Zj and only a small signal cross section of 0.3 fb are expected. This is
a too low signal rate even for the whole amount of data expected at the closure
of the LHC, 3 ab−1. Even for higher luminosities, an optimal control of systematic
uncertainties would be necessary to observe that signal.
Monophoton signatures are expected to be suppressed by a factor ∼ (αem/αs)2
compared to monojets, but the backgrounds are much lower on the other hand.
Yet it might be possible to observe missing energy associated to Elkos at the high
luminosity regime of the LHC in γ+ 6ET events. Another possibility is the mono-
W signature with leptonic or hadronic decays. Exploring the quartic coupling with
two Elkos and two Higgs bosons might give us the opportunity to study mono-Higgs
signatures with a Higgs boson decaying into bottom quarks, or pairs of massive weak
bosons. These are possible studies that we plan to explore in the future.
3. Conclusions
In this work we give an example of a phenomenological study of the Elko field at the
CERN LHC. Despite the fact that the signal was very small to constrain the Elko
coupling using monojet events at the LHC, we show that the mass parameter, now
with the contribution of a Higgs vev, can be adjusted to provide some interesting
implications for the Elko search at the LHC. As a possible follow-up to this study,
we are planning to investigate some further aspects of this theory, including the
implication of a heavy Elko for the relics abundance and other collider signatures
associated to dark matter searches. Beyond the scope of this paper we hope that
future theoretical studies in the Elko field may include aspects such as the existence
of angular asymmetries in physical processes which could give a clear signal in
particle detectors.
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Appendix A.
One of the building blocks of the Elko spinor is its massive Weyl components, Φ+,−L .
So, if we change ~p→ −~p, they transform as
Φ+L(
~0) → √m
(−i sin(θ/2)e−iφ/2
i cos(θ/2)eiφ/2
)
= −iΦ−L (~0)
Φ−L (~0) →
√
m
(−i cos(θ/2)e−iφ/2− i sin(θ/2)eiφ/2 ) = iΦ+L(~0), (A.1)
once θ → pi− θ and φ→ φ+pi, we have sin(θ/2)→ cos(θ/2), cos(θ/2)→ sin(θ/2),
eiφ/2 → ieiφ/2, and e−iφ/2 → −ie−iφ/2. Using this fact and writing the expressions
for the Elko spinors explicitly, it is easy to see that the following relations hold
λS{−,+}(~0) =
(
iΘΦ+L(
~0)
∗
Φ+L(
~0)
)
→
(
−ΘΦ−L (~0)
∗ − iΦ+L(~0)
)
= −iλA{+,−}(~0)
λA{+,−}(~0) =
(
−iΘΦ−L (~0)
∗
Φ−L (~0)
)
→
(
−ΘΦ+L(~0)
∗
iΦ+L(
~0)
)
= iλS{−,+}(~0)
λS{+,−}(~0) =
(
iΘΦ−L (~0)
∗
Φ−L (~0)
)
→
(
ΘiΦ+L(
~0)
∗
iΦ+L(
~0)
)
= iλA{−,+}(~0)
λA{−,+}(~0) =
(
−iΘΦ+L(~0)
∗
Φ+L(
~0)
)
→
(
ΘΦ−L (~0)
∗ − iΦ−L (~0)
)
= −iλS{+,−}(~0) .
(A.2)
Therefore λS/A{±,∓}(~0) = ±iλA/S{∓,±}(~0) when φ→ φ+ pi and θ → pi − θ. Since
λ
S/A
{∓,±}(~p) =
√
E +m
2m
(
1∓ |~p|
E +m
)
λ
S/A
{∓,±}(~0) (A.3)
so the Lorentz boost to ~p depends only on p = |~p|, and we can use the fact that
λ
S/A
{±,∓}(−~p) = ±iλA/S{∓,±}(~p).
We can prove that the same relation holds for a dual Elko spinor
¬
λ
S/A
{∓,±} (−~p) = ±i
[
λ
S/A
{±,∓}(−~p)
]†
γ0 = ±i
[
−iλA/S{∓,±}(~p)
]†
γ0
= ±i ¬λ
A/S
{±,∓} , (A.4)
or, alternatively
¬
λ
S/A
α (−~p) = −iεβα
¬
λ
A/S
β (~p). (A.5)
where ε{−,+}{+,−} = −1 = −ε{+,−}{−,+}.
Finally, we can write∑
I=S,A
∑
α
¬
λ
I
α (−~p)
¬
λ
I
α (−~p)
†
=
∑
J=S,A
∑
β
[
−iεβα
¬
λ
J
α (~p)(+i)ε
β
α
¬
λ
J
β (~p)
†]
=
∑
J=S,A
∑
β
[
¬
λ
I
α (~p)
¬
λ
I
β (~p)
†]
, (A.6)
and the standard relations for the spin sums, with all elements with the same
momentum, can be used.
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